Community functioning may be affected by functional diversity, which measures the extent of complementarity in resource use. We tested whether there was a relationship between functional diversity of woody species and community functioning on a fine scale, using FD as a measure of functional diversity and litter decomposition rate as a surrogate for community functioning. We measured eight functional traits from a woodland cerrado community in southeastern Brazil. Then, we tested the correlation between FD and the decomposition rate taking into account differences in soil features and between decomposition rate and each trait separately. The decomposition rate was related to the aluminium and phosphorus concentration in soil, but not to FD, pointing out that functional diversity was not a good predictor of community functioning. There was a non-significant relationship between FD and the decomposition rate even when we considered each trait separately. Most studies in the relationships between biodiversity and community functioning on fine scales were carried out by experimental manipulation of diversity and in temperate regions. We carried out this fine scale study as a mensurative experiment and in a tropical savanna. Our findings indicated that the relationship between biodiversity and community functioning is not as straightforward as usually assumed.
Introduction
Biological diversity may affect community functioning by the role of each species in a given community (Díaz and Cabido, 2001) . At first, studies concerning the relationship between diversity and community functioning used species richness as a measure of diversity (Naeen et al., 1994) . However, this measure implicitly assumes that all species are equally different and, consequently, the addition of any species to a community should increase the functioning by one unit (Petchey et al., 2004) . Recently, the consensus that species contribution to the processes is different has been growing (Hooper et al., 2005) . Species richness has been viewed as a measure that incorporates little or no information about individual species and, thus, explains and predicts poorly (Hooper et al., 2002; 2005; Petchey et al., 2004; Petchey and Gaston, 2006) . Community functioning must be determined by the value and range of species functional traits, that is, characteristics that affect the organism fitness through direct or indirect effects on growth, reproduction, and survival (Díaz and Cabido, 2001; Hooper et al., 2005; Petchey and Gaston, 2002) . The functional approach is closely related to the niche models, in which separation in niche space allows coexistence through a lack of competition for similar resources and, thus, leads to greater complementarity (MacArthur, 1972) . Since an increase in functional diversity should be related to an increase in the intensity of the processes in community functioning, functional diversity is expected to be a good predictor of functioning (Petchey and Gaston, 2002) .
Community functioning is defined as the flow of matter and energy through the arrangement of biotic and abiotic components of the communities (Díaz and Cabido, 2001 ). Since decomposition is a process closely related to nutrient cycling (Swift et al., 1979) , it can be used as a surrogate for community functioning. Litter decomposition may be affected by plant diversity through two mechanisms: directly, through changes in litter species composition, and indirectly, by altering the decomposition microenvironment (Madritch and Cardinale, 2007; Vivanco and Austin, 2008) . Litters of different architecture may complement one another by providing more favourable physical living space, because the resulting pockets may encourage microbial growth and macroinvertebrate fauna invasion (Hansen, 2000) . Plant species can also determine the litter macroinvertebrate community and decomposition process below their canopies (Negrete-Yankelevich et al., 2008) . Moreover, different species of plants may create specific conditions that increase the breakdown of their own litter, establishing affinity effects between species and their microenvironment (Vivanco and Austin, 2008) . Thus, plant species produce conditions in their environment that affect the processes of decomposition.
Up to now, most studies that addressed the effect of diversity upon decomposition used traditional measures, such as species richness (for example, Negrete-Yankelevich et al., 2008; Vivanco and Austin, 2008) . In these cases, diversity effects could only arise if species differed in relevant functional characteristics to the studied process. If so, species richness and other diversity measures could be useful proxies of functional diversity in a community (Gessner, 2010) . However, direct functional characterisations of communities, such as functional trait distributions including dissimilarity patterns, are likely to be more compelling predictors of the effect of diversity upon litter decomposition. Indeed, recent studies that analysed species richness, number of functional groups, and functional composition suggested that the functional approach tends to be more predictive (Petchey et al., 2004; Ricotta, 2005; Scherer-Lorenzen, 2008) .
Many studies that applied the functional approach used the number of functional groups in a community as a diversity measure (for example, Denyer et al., 2010; McLaren and Turkington, 2010; Scherber et al., 2010) . Of the problems associated with assigning species to groups, perhaps the least tractable is the arbitrary scale at which differences among species qualify as functionally significant (Petchey and Gaston, 2002) . Here, we used a broadly accepted, continuous measure of functional diversity, FD (Petchey and Gaston, 2002) . To calculate FD, one may use the functional trait values and construct a dendrogram based on the differences among species (Petchey and Gaston, 2002; . The sum of the branches necessary to connect all species in the community is FD (Petchey and Gaston, 2002) . The more different the functional trait values, the higher the sum of the branches and, thus, the higher the FD (Petchey and Gaston, 2002; . As long as litter decomposition can be used as a surrogate for community functioning, we expected that sites with higher FD values should present higher litter decomposition rates.
In larger-scale patterns, functioning and diversity are both covarying with environmental factors that change from place to place (Loreau, 1998; Loreau and Hector, 2001) , because on such a scale physical processes may dominate or dissipate biological effects (Wiens, 1989) . We developed our study on a local scale (sensu Leibold et al., 2004) , in which the influence of diversity on community functioning will depend rather on the traits of the species present and their ecological interactions than on direct physical determination (Wiens, 1989) . Although many authors suggested a relationship between functional diversity and community functioning (Díaz and Cabido, 2001; Hooper et al., 2005; Tilman et al., 1997) , there are few studies focused on testing it (Scherer-Lorenzen, 2008) , especially in tropical regions. The Brazilian cerrado presents a seasonal climate with a dry winter and wet summer. The occurrence of the cerrado and its physiognomic variation are considered by some authors to be a fertility gradient (Goodland and Pollard, 1973) . Both the decomposition process and floristic composition may be affected by abiotic variables and, in particular, soil features play an important role (Swift et al., 1979) . On the one hand, since we carried out this study on a fine scale, climate and fire frequency were homogeneous. On the other hand, since changes in soil features may be found at distances as small as 1 m (Souza and Martins, 2004) , soil is an important candidate to exert effects upon vegetation and decomposition process on such a scale.
Moreover, there is a lack of information concerning the relative importance of different traits for different community functions (Petchey and Gaston, 2002) . Perhaps some traits could show greater differences among species and others, less. Taking this into account, including traits that present small differences could dilute differences among species and reduce the value of FD, masking a possible relationship between FD and decomposition. To avoid this problem, we also tested whether each trait separately was related to decomposition rate. In total, we tested the relationship between functional diversity and community functioning in a southern cerrado site, by sampling woody species on a fine scale and using a litter decomposition rate as a surrogate for community functioning. We addressed the following questions: (1) is the FD related to the decomposition rate taking soil features into account? (2) when analysing functional traits separately, are they related to the decomposition rate?
Material and Methods
We carried out this study in a woodland cerrado site located at the Federal University of São Carlos, southeastern Brazil (approximately, 21° 58' 05" S and 47° 52' 10" W, 872 m a.s.l.). The regional climate is seasonal, with dry winters and wet summers, defined as Cwa (Köppen, 1931) . We established a 50 m × 50 m grid, in which we placed 100 contiguous 25 m 2 plots. We sampled all individuals belonging to the woody component, defined as those with a stem diameter at a soil level equal to or higher than 3 cm (São Paulo, 1997), which we identified as the species level. For each individual, we measured eight functional traits related to community functioning: leaf size, specific leaf area, leaf dry matter content, stem specific density, height, basal area, resprouting capacity, and bark thickness (Cornelissen et al., 2003; see Table 1) .
For leaf size, leaf specific area and leaf dry matter content, we collected five undamaged, fully expanded leaves from each individual during the morning until 10:00 AM. (Cornelissen et al., 2003) . We kept the leaves in plastic bags and stored them in a cooler to avoid water loss or deterioration. In the laboratory, we measured fresh mass, scanned the leaves, and calculated the leaf sizes with ImageJ 1.33 (Rasband, 2004) . Then, we oven-dried the leaves at 80 °C for 72 hours and measured the dry mass. We divided the leaf size by dry mass to find the specific leaf area. We also divided the dry mass from the fresh mass to find dry matter content. Stem specific density is the dry mass of a section of the main stem divided by its volume (Cornelissen et al., 2003) . We cut 10 cm long sections of the stems, removed the bark, and placed the sections in plastic bags. In the laboratory, we estimated the volume, by immersing them in water for 5 seconds in volumetric flasks and measuring the increase in volume (Cornelissen et al., 2003) . Next, we oven-dried them at 80 °C for 72 hours and weighed them. Using a telescopic ruler, we measured height, the shortest distance between the upper boundary of the main photosynthetic tissues and the soil level (Cornelissen et al., 2003) . We calculated the basal area by measuring the stem perimeter at soil level. We measured the resprouting capacity by counting branches at the base of the trunk. We removed a portion of the stem at 30 cm high with a knife and measured the bark thickness with a digital caliper.
We collected leaves recently shed, oven-dried them at 80 °C for 24 hours, and put 5 g in each of the 2,000 litterbags. In each plot, we placed four sets of five litterbags, that is, 20 litterbags per plot. We collected four bags from each set in each plot after 1, 2, 3, 6, and 12 months. In the laboratory, we gently brushed the material to remove soil particles and other debris, oven-dried the bags at 80 °C for 24 hours, and weighed them. Comparing the initial and the final masses, we found the amount of litter that was decomposed. For each plot and each month, thus, we found the average remaining amount of matter. The exponential model is the best descriptor of mass loss during decomposition (Wieder and Lang, 1982) . Therefore, we adjusted the values to an exponential equation (y = ae -kt ), in which y is the portion of the remaining mass at time t (in months), a is the initial mass, and k is the rate of decomposition. We used soil data collected in the same plots (Dantas and Batalha, 2011) and selected pH, organic matter, available phosphorus, total nitrogen, sum of bases, base saturation, aluminium saturation, and sand, silt, and clay proportions.
We calculated the FD for each plot, following the method described by Gaston (2002, 2006) : (1) we obtained a trait matrix with species in rows, functional traits in columns, and average trait values in entries; (2) after standardising the trait matrix to the zero mean and unit variance, we transformed it into a distance matrix, using Euclidean distance; (3) we used the distance matrix to produce a dendrogram with the unweighed pair-group clustering method using arithmetic averages; and (4) we calculated the total branch length of the dendrogram necessary to connect all species in a given plot. To check whether the dendrogram was describing the structure of the distance matrix appropriately, we calculated the cophenetic correlation coefficient Gaston, 2002, 2006) .
To answer the first question, we did a multiple linear regression analysis, using a decomposition rate as a response variable and both FD and soil features (ph, organic matter, total nitrogen, available phosphorus, exchangeable aluminium, sum of bases, base saturation, sand proportion, and clay proportion) as explanatory variables. We selected the best model, using the Akaike Information Criterion, which considers the complexity of an estimated model and how efficient this model is in fitting the data (McNeil et al., 1996) . We compared the models based on ∆AIC c , AIC c w i , and the coefficient of determination (Burnham and Anderson, 2002) . ∆AIC c is the difference between each model's AIC c and the minimum AIC c found. ∆AIC c values higher than seven indicate models that have a poor fit relative to the "best" model, whereas values lower than two indicate models that are as suitable as the "best" model (Burnham and Anderson, 2002) . AIC c w i is the Akaike's weighing of each model, which provides extra evidence that the model is actually the best explanatory model. We use the "AICcmodavg" package of the R environment (R Development Core Team, 2010). To answer the second question, we used the average value of each trait and produced new dendrograms, with which we calculated new FD values. For each trait, we did a linear regression analysis, using the decomposition rate as the response variable. We carried out all analyses in R (R Development Core Team, 2010).
Results
We sampled 1,995 individuals, belonging to 60 species and 28 families. The commonest species were Myrsine umbellata (557 individuals) and Vochysia tucanorum (168 individuals). The rarest species were Annona crassifolia, Banisteropsis megaphylla, Davilla rugosa, Ilex cerasifolia, Miconia rubiginosa, Palicourea rigida, Rapanea guianensis, Tapirira guianensis (one individual each). The richest families were Fabaceae (with eight species), Myrtaceae (with seven species), Malpighiaceae and Melastomataceae (with four species each), and Annonaceae, Erythroxylaceae, and Rubiaceae (with three species each). Mean (±sd) species number in each plot was 9.54 (±2.35). The cophenetic correlation was 0.91, indicating that the structure of the distance matrix was preserved in the dendrogram. During the studied period, 32% of the litter was decomposed. The annual decomposition coefficient k was 0.36, and the mean decomposition rate in the plots was -0.030 ± 0.005.
The best model to predict the decomposition rate did not include FD as an explanatory variable. Thus, FD was not a good predictor of community functioning. The best model had aluminium and phosphorus as explanatory variables ( Table 2) . The relationship between aluminium and phosphorus with decomposition rates were negative and positive respectively. Considering each trait separately, we found no significant relationship (Table 3) .
Discussion
In the cerrado studied, FD was not a good predictor of community functioning on a fine scale. Many authors suggested that living plant traits should be a powerful tool to predict the decomposition rate and, thus, community functioning (for example, Cornwell et al., 2008; Díaz and Cabido, 2001; Fortunel et al., 2009; Hector et al., 2000) , but this assumption has rarely been tested. Functional diversity presented a significant relationship with the decomposition rate in another vegetation type and when another index was used (Rao's Quadratic Entropy (Q); Scherer-Lorenzen, 2008), but we did not find it when using FD. Comparisons between functional diversity measures based on artificial data found no correlation between Q and FD (Mouchet et al., 2010 ), but they were correlated when functional diversity measures were based on field data (Scherer-Lorenzen et al., 2007) . We chose FD as a measure of functional diversity, because it does not violate set monotonicity as Q does (Petchey and Gaston, 2007) .
Many studies concluded that functional traits of living leaves affect the decomposability of their own litterfall as a legacy (Cornelissen and Thompson, 1997; Fortunel, 2009) , but these studies were carried out in temperate regions and caution should be taken when extrapolating these results to tropical communities. In this study, the Table 1 . Functional traits used to calculate functional diversity of woody species in a woodland cerrado (21° 58' 05" S and 47° 52' 10" W, São Carlos, Brazil). For more details, see Cornelissen et al. (2003) . cerrado dynamics did not fit this framework. Litter of high quality could be expected to enhance decomposition of other litters, whereas litter of poor quality would have negative effects (Seastadt, 1984) . In poor soil environments, such as the cerrado, plants tend to maximise nutrient absorption before leaf fall (Haridasan, 2000) , and there are strong differences between living and dead leaf traits (Delitti, 1998) . Nevertheless, we expected dead leaf traits to be also unrelated to functional diversity, since there is a widespread occurrence of synergistic and antagonistic patterns during decay of leaf litter (Gartner and Cardon, 2004; Gessner, 2010) . Aluminium presented a negative effect on decomposition rates, whereas phosphorus presented a positive one. Low levels of aluminium and high levels of phosphorus indicate productive soils, which may favour detritivore and decomposers. Since these variables presented a weak explanatory power, they may not influence decomposition directly, but via other biotic components that affect nutrient cycling. For example, detritivore and decomposer subsystems play an important role in decomposition process, and differences between above-and below-ground processes affect community functioning (Hooper et al., 2002; Naeen, 2002; Spehn, 2005) . Functional dissimilarity among detritivores drives community compositional effects on leaf litter mass loss (Heemsbergen et al., 2004; Srivastava et al., 2009; Zimmer et al., 2005) . We expected functional diversity of woody plants to be a determining factor in detritivore activity by altering the microenvironment. However, abiotic conditions, such as aluminium and phosphorus levels in soil, might be more tightly coupled to decomposer activity than to plant diversity, contrary to our expectations.
Trait
The choice of traits is the most important step for calculating functional diversity. We must consider all traits related to the process under study and exclude traits that are functionally uninformative (Petchey and Gaston, 2006) . The cerrado tends to occur on well-drained, acid, and nutrient-poor soils, with high levels of exchangeable aluminium (Goodland and Ferri, 1979) . Thus, we considered traits related to resource uptake and storage, such as stem specific density, basal area, and resprouting capacity, unlike another study, which considered only leaf traits (Scherer- , 2008) . The inclusion of these non-leaf traits was not masking the relation, because we did not find significant relationships between traits and decomposition rates even when we considered each trait separately. Therefore, in the cerrado and on a fine scale, both leaf and non-leaf traits were not related to community functioning. Our study was developed on a fine scale, which may reveal greater detail about the biological mechanisms underlying patterns, but generalisations are more likely to emerge on larger scales (Wiens, 1989) . For example, on a local scale, properties of the litter and the decomposers explain most of the variation in the litter decomposition rate (Ferrari, 1999) . Otherwise, on larger scales, both climatic variables and plant functional traits control it (Cornwell, 2008) . The decomposition rate tends to increase from open to closed cerrado physiognomies (Cianciaruso et al., 2006; Valenti et al., 2008) . If species occurring in different physiognomies present different traits, we may expect the functional diversity and decomposition rate to be correlated on a regional scale. Therefore, even if functional diversity was not a predictor of community functioning in the studied cerrado on a fine scale, it is possible that it predicts community functioning on larger scales.
Most studies on the relationships between biodiversity and community functioning have been carried out in temperate regions (Cornelissen and Thompson, 1997; Fortunel, 2009; Hector et al., 2000; Knops et al., 2001; Scherer-Lorenzen, 2008; Scherer-Lorenzen et al., 2003 Spehn, 2000) . Moreover, on a fine scale, only studies by experimental manipulation of diversity were developed Knops et al., 2001; Scherer-Lorenzen, 2008; Scherer-Lorenzen et al., 2003; Spehn, 2000) . Manipulative experiments allow controlling variation in environmental conditions , but tend to oversimplify the processes. We developed this study in a tropical savanna, on a fine scale, as a mensurative experiment (Krebs, 1999) . Our findings indicated that the relationship between biodiversity and community functioning is not as straightforward, as usually assumed. Plant functional diversity may reduce the success of invasive species (Dukes, 2001 ) and promote heterogeneity in vertebrate habitats (Price et al., 2010) . Moreover, detritivore functional diversity may affect decomposition (Heemsbergen et al., 2004) . However, we did not find a relationship between functional diversity and community functioning. Thus, we can postulate that certain processes in community functioning present no relationship with certain biodiversity components, such as functional diversity of woody species and the decomposition rate. Further studies should focus on answering to which processes biodiversity components are linked and distinguish patterns that act on local and regional scales.
